Abstract. As a typical "technically innovative" country, Korea has always regarded science and technology and education as a major force to promote economic development, and technical innovation is an important guarantee for strong innovation capability in Korea.
Introduction
From 1962, Korea began to implement the first five-year plan to promote economic growth, from which it entered the period of sustained and rapid economic growth. In 1970 and 1996, it respectively joined the ranks of the newly industrialized countries and OECD, and entered the ranks of the world's developed countries. Korea's economic success is mainly due to the excellent world economic and trade order environment and mature industrial technology level. History has given Korea the opportunity in free world trade, and especially the western developed countries have a significant impact on Korea. Korea gives full play to the late-mover advantage, and actively introduces advanced technology and equipment, increases investment in scientific research, and strengthens personnel training dynamics, in order to achieve rapid economic and social development.
Contributions of Technical Progress and Technical Efficiency to Korea's Economic Growth
There are many literatures on total economic factor productivity. However, most studies assume that production is located on the boundary of possibility, and treat TFP simply as technical progress, ignoring the effect and change of technical efficiency in economic growth. It leads to the lack of direct measurement efficiency, and most of them discuss the efficiency from empirical impression, and some use other variables to replace technical efficiency [1] . From another perspective, estimates of total factor productivity growth or its component decomposition are not the same due to differences in methods of measurement efficiency introduced in the analysis. Moreover, a large number of related researches are only confined to China, OECD and the United States and other countries. This paper attempts to study the relationship between technical progress, technical efficiency and economic growth in China and Korea from the angle of international comparison, so as to explain the process of economic growth in a more comprehensive way and find a way to achieve sustainable economic growth.
Sample selection and data sources
In this paper, the sample data of a special city, 8 provinces, 6 metropolitan cities (equivalent to direct-controlled municipality), and 1 special autonomous province in 1970-2015 are selected to analyze. The basic data are from PWT6.2 of Heston, Summers and Aten and CCER Database and OECD Database. The GDP regarding 1970 as constant price and calculated by purchasing power fair price is used to measure the gross output, which is obtained by multiplying the per capita GDP of PWT6.2 sample period constant price chain sequence multiplying population in Korea. The input can be generally divided into labor and capital, and capital investment can be divided into human capital investment and material capital investment.
Labor input (L)
In this paper, the economically active population is taken as the labor force, and the data on labor input (L) can be obtained by dividing GDP by labor-GDP.
Material capital investment (K)
Since capital stock data are not available in PWT6.2, they need to be estimated. When estimating in accordance with the "perpetual inventory method", the choice depreciation rate, investment reduction and capital stock of calculation base period will be involved generally. Adopt the method of Fare et.al. (2001) to construct investment sequence, multiply GDP and the proportion of GDP of the investment calculated regarding 1961 as constant price, in order to obtain investment sequence data of Koran. Using equation (1) , the capital stock is:
t K is the capital stock of Period t, δ expresses the depreciation rate, t I is amount of investment of Period t. We can obtain Korea's t I in 1970-2015, and can further simulate Korea's investment sequence data by regression of the logarithm and time of Korean investment sequence data in this period. We assume that the capital stock was 0 in 1970 and the depreciation rate is 7%.
Human capital investment (H)
The human capital stock is a very important influence variable in the long-term economic growth, and has a direct impact on the TFP. In general, education accumulation variables can be used to represent human capital accumulation, and the average years of schooling can be used to reflect the level of education. Specifically, the labor force can be weighted by the structural indicators of education level to calculate the average years of education of labor force, and the specific classification is shown as follows: 16 years for college degree or above, 14 years for technical secondary education, 12 years for high school degree, 9 years for junior high school degree, 6 years for primary school degree, and 0 year for illiteracy and semi-illiteracy.
Control variables
This paper mainly selects the following control variables:
The variables of macroeconomic growth: government consumption ratio ( gc ), per capita GDP ( pgdp ); technical innovation variables: the occupied GDP proportion of technology market turnover ( tmgdp ), the proportion of R&D employees ( & r dpl ); economic liberalization variables:
degree of import dependence ( imgdp ), degree of foreign capital dependency ( fdi ); financialrelated variables: financial interrelation ratio ( fir ).
Metering model settings
Based on the technical progress, the technical efficiency and the TFP measurement result and the selection of variables, the measurement model is established as follows:
Among them, , i t Y is computing result based on the DEA method, the equation that comprehensively investigates the total factor productivity and technical progress can be set as:
Since the process of convergence may occur in an inefficient situation, the analytical method used is absolute convergence following the recommendations of Maudos et. Al. [2] 
Specific variables are set as follows, independent variables: technical progress, per capita GDP of each region, TFP growth rate; dependent variable: average growth rate, labor productivity. Among them, ˆi y is the average growth rate for each region from 0 to T, ˆi ec is technical efficiency improvement rate, ˆi tc is technical progress rate and ˆi tfp is the growth rate of total factor productivity.
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Total factor productivity measurement result and its decomposition
In this paper, the output variables are set as the total output of Korea, and input variables are set as physical capital stock, human capital stock and employees. The total factor productivity of Korea is measured by output-oriented CRS model, data envelopment analysis special software package Deap2.1 [4] . By measuring geometrical mean of total factor productivity (TFP), technical progress rate (TC), and technical efficiency improvement rate (EC) of Korea in technical progress rate (TC), and technical efficiency improvement rate (EC), the development trend of technical progress in Korea is analyzed deeply. Table 1 show the change trend of technical progress in Korea in 1970-2015. First of all, with the exception of a few years, Korea's technical progress is higher than the technical efficiency improvement. During this period, the improvement of total factor productivity in Korea mainly comes from technical progress and technical innovation, thus promoting economic growth. Taking 1970-1980 as an example, the average growth rate of total factor productivity is 1.005%, the average growth rate of technical efficiency is 0.9895%, and the average rate of technical progress rate is 1.015%. In addition, some years, such as 1990, the improvement of technical efficiency showed a clear downward trend, showing the inevitability of Asian financial crisis, namely, element input and unreasonable capital allocation lead to stagnant economic development. Secondly, since 1990, the technical progress rate of Korea is obviously higher than the improvement of technical efficiency, which shows: (1) technical progress that has been to promote economic growth in Korea to a certain stage is faced with a breakthrough of the bottleneck, which is in line with technical progress and the discipline of innovation; (2) In recent years, the contribution of efficiency improvement to Korea's total factor productivity has been gradually improved. The fact also proves this point, in 2011-2015, the contribution of Korean technical progress to total factor productivity is higher than the contribution of technical efficiency improvement to total factor productivity. It also reflects the fact that technical progress in Korea has been restructured to lead the Korean economy Growth. Moreover, in recent years, especially after 2010, the gap between technical progress and technical efficiency in Korea has shrunk. At the beginning of the 21st century, not only the technical efficiency is obviously improved, but also the technical progress is accelerating and the total factor productivity is significantly improved. This means that although the input and allocation of factors can speed up economic growth, the improvement of technical progress efficiency is more conducive to achieving sustainable economic growth. 
Analysis of technical progress, technical efficiency and total factor productivity influencing factor in Korea
In order to further study how South Korea to improve its technical progress level, so as to achieve sustainable economic growth, in this paper, the panel data regression analysis method is used to establish the econometric estimation model based on the data of 16 provinces in Korea from 1970 to 2015 (3). In order to facilitate the comparative analysis, select the following indicators:
The proportion of R&D expenditure occupying GDP is written as & r dgdp , which is mainly used to reflect the level of investment of Korea in the aspect of technology development and innovation and promotion of technical progress. Its computational formula is shown as follows: the proportion of R&D expenditure occupying GDP = total amount of R&D expenditure/total amount of annual GDP.
The science and education investment ratio is written as pee , which mainly reflects the change of investment in science and education in Korea and its impact degree on economic growth through the impact of the technical progress of the whole society. The calculation formula is: science and education investment proportion = total amount of annual R&D input/total amount of annual expenditure.
The ratios of amount of imports and FDI in GDP are respectively written as imgdp and fdi . These two indicators reflect a country's dependence on the extroversion economy. Technology is introduced constantly with inflow and outflow of overseas investment, in view of this, we can use this indicator to measure the impact of technology import on technical progress, and also to reflect whether the level of technical progress can be improved by technology introduction in the process of improving international competitiveness.
Other variables: R&D practitioners as human capital level indicators are recorded as & r dpl , which is mainly used to measure the impacts of human capital level on technical progress; the proportion of technology market turnover accounted for GDP is recorded as tmgdp , and the roles of degree of development of technology market on technical progress are the main representatives.
Using Eviews6.0 to estimate, the results of estimates of Table 2 are obtained. It is not difficult to find that the model has passed the Hausman test and the goodness of fit is high. At the same time, fixed-effects models are used to estimate the factors that affect technical progress, and attention is paid to the problem of lagged endogeneity in the regression analysis. Note: ***, **, * represent confidence levels of 1%, 5%, and 10% respectively; random effects models are represented by RE; fixed effect models are represented by FE.
From Table 2 , the following important conclusions can be drawn: First of all, financial development, a proportion of R&D expenditure in GDP and total factor productivity of the lag phase have a significant effect on total factor productivity. Moreover, the proportion of R&D expenditure in GDP has the greatest effect on total factor productivity in all explanatory variables. By comparing the results of two sample periods in 1970-1990 and 1991-2006, we can find that the influence coefficient of proportion of amount of imports in GDP on total factor productivity reduces from 0.044 to 0.005. To some extent, this reflects the technology import imitation of Korea in the early stages of economic development, and then through the digestion and absorption and independent re-innovation, its dependence on foreign technology decreases constantly.
Second, by comparing estimated results of two sample periods in 1961-1982 and 1982-2006 , it can be found that TC t-1 has negative correlation with the technical progress and has a significant impact on it in 1961-1982, but TC t-1 has a significant positive correlation on the technical progress, which also reveals the condition that Korea has rapid technical progress in this period to some extent.
In addition, in the sample estimation results in 1991-2015, R&D input ratio, research personnel employment ratio and science and education investment proportion have significant influence on technical progress, the influence coefficients are 0.152, 0.004 and 0.014 respectively, while import dependence and technical progress have a negative correlation. This is just to reveal the path of technical progress in Korea -from introduction, digestion, absorption, re-innovation to independent innovation.
In general, R&D investment ratio has a significant impact on both total factor productivity and technical progress, which reveals the fact that technical innovation in Korea promotes technical progress and economic growth at this stage to some extent. In the current economic development process, especially in the countries or regions that have entered post-industrialization stage, technical progress is the main source of economic growth, and the development level of education and scientific research in one country or region determines the level of technical progress. Therefore, it is necessary to increase R&D investment, increase the proportion of science and education expenditure, enhance independent technical innovation capability and give full play to the role of R&D personnel and technology market for taking the road of "technical innovation" technical progress and realizing economic sustainable development. [9, 6, 10, 11] . Chang et al, considered the contribution of inefficiencies to convergence effect [12] . Based on the previous research results, this paper calculates the convergence equation based on the above-mentioned calculation and analysis of influencing factors, and the results are shown in Table 3 . Note: the t value is in the brackets; *, **, ***, respectively shows the estimated coefficients are obvious at 10%, 5%, 1% level.
Technical progress, technical efficiency and economic growth convergence test in Korea
First, from the analysis of the economic growth in the whole sample period from 1970 to 2015, it can be found that there is a significant convergence trend of economic growth in Korea in the whole sample period, with a convergence rate of 2.4%. From a dynamic point of view, the convergence rate of economic growth in Korea significantly accelerates, from 0.2% in 1970-1991 to 2.5% in 1992-2015, which shows that the Korean regional economic disparities gradually narrow to some extent. By comparing the technical progress and technical efficiency improvement, we can find that the convergence of technical progress and technical efficiency is basically the same as that of economic growth. Second, the convergence estimation results show that the rate of convergence of technical progress in Korea was 0.22% in 1970-1991. The possible explanation is that the development of export-oriented economy in Korea caused technical progress in this period. The results of the divergence of technical progress in 1992-2015 further confirm the conclusion that Korea has achieved technical innovation in the empirical analysis of the influencing factors mentioned above.
Third, as the growth rate of total factor productivity is mainly decomposed into technical progress and efficiency improvement, convergence can be regarded as the result of "neutralization" of the two. Total factor productivity is also convergent because of the convergence of technical progress and efficiency improvement. From 1992 to 2015, the divergence rate of total factor productivity is 0.56%, which indicates that the technical progress of Korea has made the gap narrow after 1992.
Conclusion
The technical progress and efficiency improvement of total factor productivity (TFP) in Korea are resolved and analyzed in this paper, based on analysis of current situation of economic growth, technical innovation and technical progress in Korea and the data of Korea from 1970 to 2015 and with the utilization of neutral technical progress DEA calculating methods in the constant returns to scale. The results show that: from 1970 to 2015, the rate of technical progress of Korea is higher than the improving degree of technical efficiency, and the improvement of total factor productivity is caused as technical progress. It can be found from the measurement and estimate of factors affecting technical progress that: the proportion of research input in GDP presents the highest affecting factor to the total factor productivity. It also can be found combing the estimate results of convergence equation that as the growth rate of total factor productivity is mainly decomposed into the technical progress and efficiency improvement, so the convergence can be regarded as the "neutralization" result of the both sides. As the existence of converging action of technical progress and efficiency improvement, the total factor productivity is convergent as well. And then, it shows that since 1992, the quickening technical progress has deflated the economic gap inter areas in Korea gradually.
